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is	 a	 growing	 concern	 for	 policymakers	 and	 environmental	manag-
ers.	Evidence	is	mounting	of	noise-induced	habitat	loss,	heightened	
physiological	 stress,	 masking	 of	 biologically	 important	 sound	 (e.g.	
for	 communication,	 predator/prey	 detection),	 auditory	 injury,	 and	
in	extreme	cases,	direct	or	 indirect	mortality	 (Popper	et	al.,	2014;	










and	 vessel	 traffic.	With	 increasing	 awareness	 of	 the	 potential	 cu-
mulative	impact	of	these	and	other	activities	on	marine	ecosystems,	









inshore	 and	 offshore	 projects,	 in	 accordance	 with	 legislation	 for	
protected	species	or	habitats	(e.g.	EU	Habitats	Directive,	US	Marine	
Mammal	 Protection	 Act).	 If	 acoustically	 sensitive	 species	 may	 be	
present	 and	potentially	 harmful	 noise	 levels	 are	 expected,	model-
ling	is	carried	out	to	estimate	the	possible	extent	of	adverse	effects.	
On	 this	 basis,	 regulators	may	 grant	 or	 decline	 consent,	 or	 require	







in	other	 jurisdictions	 it	 is	 rare	for	 the	effect	of	 reducing	technolo-
gies	to	be	assessed	(and	consequently	recommended	or	required	as	
a	condition	of	consent),	and	the	consideration	of	cumulative	effects	









2532  |    Journal of Applied Ecology FAULKNER Et AL.
assessments.	We	 also	 promote	 an	 adaptive	 approach	 to	 EIA	 which	
enables	regulators	to	consider	the	benefits	of	additional	noise	reduc-
tion	measures,	 rather	 than	 the	assessment	being	presented	as	a	 fait	
accompli.	Our	aim	is	to	encourage	more	rigorous	and	informative	as-
sessments,	and	to	help	orient	newcomers	to	this	rapidly	evolving	area.
























distribution	 of	 species	 and	 their	 seasonal	 sensitivities	 (e.g.	 known	
spawning	 and	 nursery	 grounds	 or	 migratory	 routes).	 Receptors	
that	 are	 “scoped	 in”	 should	 include	 acoustically	 sensitive	 species	
protected	under	environmental	 legislation	and	other	 relevant	spe-
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In	selecting	noise	exposure	criteria,	assessments	should	refer	to	
the	latest	set	of	widely	applied	and	peer-reviewed	criteria	available.	







criteria	 provide	 quantitative	 thresholds	 for	 TTS,	 recoverable	 injury	
and	mortality	in	fish	in	response	to	several	impulsive	sound	sources,	
and	qualitative	 guidance	 for	 continuous	 sources.	 There	 is	 currently	












for	 behaviour	 should	 be	 avoided.	 Recent	 studies	 have	 considered	
more	sophisticated	approaches	 to	quantify	 the	 risk	of	behavioural	
responses,	for	example	through	dual	criteria	based	on	dose-response	
curves	for	proximity	to	the	sound	source	and	received	sound	level	
(Dunlop	 et	 al.,	 2017).	 Approaches	 based	 directly	 on	 the	 “distance	













that	 predictions	of	 noise	 levels	 arising	 from	 the	 activity	 are	made	
using	the	same	units	as	the	threshold	to	be	applied.
2.2 | Pressures














Once	 the	 source(s)	 have	 been	 identified,	 the	 predicted	 source	








properties,	 and	 ambient	 noise	 levels.	Where	 possible,	 uncertainty	




2.2.2 | Identify appropriate propagation model
Many	sound	propagation	loss	models	are	available,	ranging	from	so-
phisticated	numerical	models	to	simplistic	models	based	on	spread-












2.3.1 | Compute effect zones and assess 
risk of impact
By	combining	noise	model	predictions	with	the	noise	exposure	cri-
teria,	 “effect	 zones”	 are	derived	 (see	Figure	2).	 These	 zones	 show	




The	 effect	 zones	 predicted	 can	 be	 strongly	 influenced	 by	 the	
noise	exposure	criteria	used	(Figure	2a),	whether	animals	are	assumed	









Assumptions	 of	 fleeing	 animal	 behaviour	 in	 the	 estimation	 of	
effect	 zones	 are	 controversial,	 since	 animals	may	be	motivated	 to	
remain	 in	 the	affected	area	 (e.g.	due	 to	prey	availability	or	mating	
opportunities)	despite	harmful	noise	exposure.	On	the	other	hand,	








2.3.2 | Compute effect zones with additional 
mitigation measures
The	 most	 direct	 and	 comprehensive	 way	 to	 mitigate	 the	 risk	 of	
acoustic	impact	on	marine	species	is	to	reduce	the	amount	of	noise	















the	 effect	 of	 noise	 abatement	 technologies	 is	 required	 by	 regula-
tors	of	noise-generating	activities,	 so	 that	 regulators	are	 informed	
of	the	risk	reduction	options	available.	This	is	particularly	important	
for	the	assessment	of	cumulative	impact	from	multiple	activities	(see	
next	 section),	where	 regulators	need	 to	be	 informed	of	 the	meas-
ures	available	to	reduce	cumulative	risk	for	specific	populations	and	
habitats.
Although	 noise	 abatement	 technologies	 are	 uncommon	 in	
some	countries,	 less	direct	mitigation	measures	are	often	applied.	




species	 distribution	 data	 are	 available.	 Additionally,	 in	 situ	 mea-
sures	may	be	taken	(e.g.	JNCC,	2017),	such	as	soft-start	procedures	











may	 exceed	 the	 range	 of	 displacement	 from	 the	 activity	 itself	 if	









2.4.1 | Assess cumulative effects as required 
by regulator
Impacts	 from	 individual	 projects	 do	 not	 occur	 in	 isolation,	 but	
form	 part	 of	 the	 cumulative	 pressure	 exerted	 on	 marine	 eco-
systems	by	human	activity.	To	assess	 the	cumulative	 impact	of	
multiple	human	activities,	environmental	managers	are	 increas-
ingly	 requiring	 (or	 are	 themselves	 carrying	 out)	 cumulative	 ef-
fects	 assessments	 (CEAs)	 for	 underwater	 noise,	 often	 based	
on	 data	 gleaned	 from	 individual	 EIAs.	 This	 highlights	 the	 need	
for	 consistency	 in	 the	 methods	 and	 metrics	 used	 in	 individual	
EIAs.	 EIA-based	 CEAs	 led	 by	 developers	 of	 individual	 projects	
have	 clear	 shortcomings	 when	 compared	 to	 CEAs	 led	 by	 gov-




ence	 in	 EIA	methodologies,	 since	 this	 reduces	 the	 uncertainty	










ment	mechanisms	 to	 be	 integrated	 into	 the	 regulatory	 process	 as	











potential	 impacts	 of	 noise-generating	 activities	 are	 appropriately	
assessed	 and	 mitigated	 for.	 Nevertheless,	 at	 present	 many	 EIAs	
for	underwater	noise	do	not	 apply	 appropriate	methods	 and	 lack	
reference	to	the	best	available	science.	The	guiding	principles	set	
out	here	provide	a	basis	 for	 the	more	consistent,	evidence-based	
approach	 that	 is	 required	 to	 conduct	meaningful	 EIAs	 and	 to	 in-
form	 larger-scale	 risk	assessments.	We	hope	these	guidelines	will	
empower	 regulators,	 developers	 and	 stakeholders	 to	 raise	 the	
standard	 of	 EIA	 practice,	 leading	 to	 better	 informed	 regulatory	
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